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Abstract

Emerging findings suggest that exposure to ultraviolet wavelengths of sunlight modulates metabolic function. Here we review
the metabolic effects of exposure to ultraviolet radiation (UVR), focusing on the effects of phototherapies (that administer UVR),
and advice to increase sun exposure in individuals enrolled in clinical trials and intervention studies. We identified 25 studies in
which the effects of UVR on metabolic outcomes were examined, including: narrowband ultraviolet B phototherapy (nbUVB,
n = 12); psoralen ultraviolet A phototherapy (n = 4); other types of UVR phototherapy (n = 5); and sun exposure advice (n =
5). Most studies recruited a small number of participants (<100), who were middle-aged individuals undergoing treatment for
psoriasis flare, with phototherapy or sun exposure advice administered for <12 weeks. Data obtained at baseline were usually
compared with an endpoint following treatment with UVR, for a limited number of outcomes. There were few studies in which
markers of glucose metabolism were assessed, with some beneficial effects of sun exposure (but not phototherapy) reported.
LDL-cholesterol levels were lower in individuals receiving sun exposure advice, while treatment with nbUVB reduced blood
concentrations of inflammatory markers (C-reactive protein and interleukin-6). Future studies should focus on determining
whether the effects of these interventions change with time, and if they are dependent on the source of UVR (i.e. phototherapy
or sun exposure) and wavelength(s) of light administered. Furthermore, studies need to measure a variety of (clinical) markers
of glucose metabolism, adiposity and inflammation, control for factors such as skin type and sex, and stratify participants for
metabolic disease diagnosis.

Introduction such as the increased risk for obesity and metabolic disorders

Ultraviolet radiation (UVR), like that found in sunlight, has
many known effects on skin health, including harms such
as sunburn and skin cancer and benefits like synthesis of
vitamin D. UVR is often used clinically to effectively treat
inflammatory skin conditions, such as psoriasis, delivered
as narrowband ultraviolet B phototherapy (nbUVB) or
psoralen with ultraviolet A phototherapy (pUVA). During
nbUVB, participants are exposed to light of 311-313 nm in
wavelength (L), while for pUVA, photosensitising psoralen
is administered prior to UVA irradiation (A = 315-400 nm,
UVA). The benefits of these phototherapies in reducing
skin disease in dermatological settings are well established.
However less is known of their potential to regulate co-
morbidities that often accompany inflammatory skin diseases,
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(e.g. type 2 diabetes'). It has been increasingly recognised
that these disorders are often found in patients with severe
chronic psoriasis. However the nature and the direction of
the relationships between skin inflammation and metabolic
dysfunction are not clear. Animal models suggest that the
skin inflammation of psoriasis can be caused by obesity,
while chronic low-grade inflammation of psoriasis may
cause metabolic dysfunction.>* Chronic inflammation** and
oxidative stress' are intrinsically linked with the development
of insulin resistance and type 2 diabetes, potentially through
reciprocal actions of pro-inflammatory cytokines (e.g. tumour
necrosis factor (TNF)) that induce systemic (and dermal)
inflammation during psoriasis (and metabolic dysfunction).?
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Phototherapies are thought to improve skin health by inhibiting
proliferation and inducing apoptosis of keratinocytes, and
by inducing regulatory immune cells that suppress the pro-
inflammatory responses that underpin skin conditions like
psoriasis.® Indeed, exposure to UVB radiation (A\=280-315nm,
UVB) has systemic anti-inflammatory effects.” Other reports
suggest that nbUVB therapy modifies the skin microbiome
with these changes linked to the capacity of this therapy to
control psoriatic flare.® In addition, pre-clinical®!" and human
studies'>'* indicate that UVR may be beneficial for metabolic
health. Adult mice fed a high fat diet and exposed repeatedly
to sub-erythemal (non-burning) UVB (1 kJ/m?) over 12 weeks
gained less weight, exhibited reduced metabolic dysfunction
(e.g. lower blood glucose during a glucose tolerance test),
and less hepatic steatosis and inflammation compared to
mock-treated mice.'®!"" Exposure to UVB also suppressed
further weight gain and metabolic dysfunction in already
‘overweight’ mice,” suggesting that UVB may be effective
when disease processes are already underway. Exposure to
UVB induces dermal synthesis of the hormone-mediator,
vitamin D. However, metabolically beneficial effects of
UVB were independent of circulating 25-hydroxyvitamin D,
with dietary vitamin D of limited benefit.!® Similar vitamin
D-independent pathways have been identified for UVB
in suppressing skin inflammation.'” Furthermore, while
observational studies link vitamin D deficiency to increased
risk of metabolic diseases such as obesity, type 2 diabetes and
polycystic ovary syndrome, only limited benefits for vitamin
D supplementation in preventing or treating these disorders
have been described.!® The metabolically beneficial effects of
UVB have instead been linked to the release of nitric oxide
from skin'® with important anti-inflammatory effects also
hypothesised for this pathway.!”

Recently published narrative reviews have described the
potential for UVR (delivered as a phototherapy or through
sun exposure advice) to modulate metabolic dysfunction in
other pre-clinical and human clinical and epidemiological
settings,'*'* focusing on mediators through which UVR could
act (i.e. through vitamin D-dependent and/or -independent
pathways).!>!* In a review published by the Medical Board
of the National Psoriasis Foundation, beneficial effects of
common therapies of psoriasis, including phototherapy,
were found on markers of cardiovascular risk and systemic
inflammation. The authors called for more systematic reviews
in this area.'® In addition, accumulating evidence from pre-
clinical>!! and human epidemiological studies'*!* of the
potential metabolic benefits of UVR suggest that a systematic
review of its effects in clinical settings is warranted. Here we
undertook a systematic review of published studies detailing
the effects of UVR on clinical measures and biomarkers
of adiposity and metabolic dysfunction in clinical trials
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and intervention studies, concentrating on the effects of
phototherapies (that incorporate UVR) and specific advice to
increase sun exposure.

Methodology and Article Identification

We searched for full-text articles with phototherapy and
sun exposure, and adiposity and metabolic keywords within
PubMed (1 January 1950 until 28 February 2019), using search
terms described below, combining each ‘UVR’ keyword with
each ‘metabolic’ keyword:

* ‘UVR’ keyword: narrowband ultraviolet, pUVA, sun
exposure, heliotherapy, phototherapy;

AND

*  ‘Metabolic’ keyword: metabolic, glucose, adipokine,
cholesterol, body weight, BMI, adiposity,
circumference, triglyceride, insulin.

waist

These searches resulted in the identification of 5040 records,
with a further 16 previously known. The primary author
performed the data extraction and screening (Figure 1 for
PRISMA flow diagram for the identification of papers).
Abstracts were screened to identify studies reporting human
data that were original publications (and not reviews or
duplicates) and written in English. This resulted in the
identification of 400 articles, of which the full-text was
screened, with 375 papers excluded (see Figure 1).

Studies were excluded if they:

1. did not report the effects of a phototherapy or sun
exposure intervention (e.g. were population health-based
association studies or pre-clinical studies);

2. did not report any effects of treatments on adiposity or
metabolic-related outcomes, or showed insufficient data
(e.g. baseline data not shown);

3. combined the results of non-phototherapy/non-sun
exposure treatments with phototherapy/sun exposure
treatments; or,

4. were duplicates or case reports.

Twenty-five peer-reviewed and full-text articles were
identified for quantitative assessment, which were further
divided into studies which characterised the effects of nbUVB
(n = 12), pUVA (n = 4), treatment with UVA and/or UVB
(other UVR, n = 5) and sun exposure advice (n = 5). Table
1 provides an overview of the identified studies, including
UVR intervention types, clinical study designs, any major
consistent findings and limitations.

Narrowband Ultraviolet B Phototherapy
General Characteristics
We identified 12 research articles describing 10 clinical
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Figure 1. Flow diagram of articles identified for inclusion in this review.
nbUVB = narrowband ultraviolet B therapy; pUVA = psoralen with ultraviolet A therapy; UVR = ultraviolet radiation

intervention studies examining the effects of nbUVB on
markers of adiposity, metabolic dysfunction and other
outcomes (Table 2). Most studies were done in patients
with psoriasis (9/10) and were of >12 weeks duration (5/10),
although the length of treatment was not always clearly stated.
The studies were fairly small in participant number (n = 10—
58 for those receiving nbUVB), with mean age of participants
of >35 years, with many (7/10) reporting findings collected
from both men and women, although no study examined
outcomes separately by sex. Nearly all studies were done in
populations with mean/median body mass index (BMI) >25
kg/m? (indicative of overweight/obesity), except for Rui et
al., who differentiated outcomes by presence or absence of
metabolic syndrome (MetS), such that those without MetS
reported mean BMI <25 kg/m2." Skin type was reported in
4 of the 10 studies, with some variability in Fitzpatrick skin

type between reports (Table 2). In 5 of the 10 studies, findings
were reported for data collected following the final treatment
compared to that collected prior to treatment (at baseline).

Effects of nbUVB on Adiposity Measures

In three studies, body weight was not affected by up to six
months of treatment with nbUVB.?*** Similarly, in four
studies, BMI was not significantly modulated by nbUVB**%
including one small study (n = 13 in nbUVB arm) of 24
weeks duration.”® Other markers of adiposity, including
waist circumference®? and body fat,”® were not affected by
nbUVB.

Effects of nbUVB on Blood Cholesterols and Triglyceride

Plasma cholesterol levels (including total, low density
lipoprotein (LDL) and high density lipoprotein (HDL))
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and/or triglyceride were examined in five studies, with
nearly all reporting no significant effects of nbUVB2223-2627
when comparing blood measured at the endpoint with
baseline. Mehta et al. reported increased HDL-cholesterol in
participants receiving nbUVB compared to a placebo group.?
All studies reported small (but non-significant) increases in
LDL-cholesterol with nbUVB therapy (comparing endpoint
with baseline).?2%326-28

Effects of nbUVB on Markers of Glucose Metabolism

In the few studies (3/10, Table 2) that investigated markers
of glucose metabolism, there were no significant effects of
nbUVB reported on homeostatic model assessment of insulin
resistance (HOMA-IR),* glycated haemoglobin (HbA1¢)* or
circulating insulin® levels.

Effects of nbUVB on Adipokines

Four papers reported on concentrations of resistin,??3%
adiponectin®?® and/or leptin®?>? measured in blood (Table
2). Only one study reported significant changes after nbUVB,
in which reduced leptin and resistin, and increased adiponectin
levels, were observed after 24 weeks of therapy. In the
same study, psoriasis area severity index (PASI) scores were
significantly reduced at an earlier timepoint (12 weeks),”
with the other three studies shorter in duration (<12 weeks).

Effects of nbUVB on Other Measures

PASI scores (in individuals with psoriasis) were reduced by
nbUVB in the eight studies for which they were reported
(Table 2). As expected, blood levels of 25-hydroxyvitamin
D were increased,”?*?¢ and parathyroid hormone (PTH)
levels were reduced”* by nbUVB. In three of four studies,
blood concentrations of C-reactive protein (CRP), a marker
of acute inflammation, were reduced following treatment
with nbUVB,»?"%# with no difference reported in the
fourth study, which was much shorter in therapy duration
(2 weeks),? compared to the other three (of 812 weeks in
length). Interleukin-6 (IL-6) was measured in four studies,
with one reporting no effect”® and others reporting reduced
concentrations in blood"®*?* after nbUVB. Other less
frequently measured markers of inflammation that were
reduced in blood following nbUVB included ferritin,?
interleukins IL-8,° 1L-17, 1L-22,2° and TNF" (although
TNF was not reduced in Mehta et al.?®).

Are Meta-Analyses Examining the Effects of nbUVB on
Some Outcomes Possible?

While the effects of nbUVB upon body weight, BMI, and
circulating levels of CRP and IL-6 were reported in multiple
studies (n >3), there was significant variability in the length
of time of nbUVB treatment (e.g. 6-24 weeks for BMI)*
% with treatment length not clearly stated by all studies
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(e.g. not stated in two of three studies for IL-6).1%% Other
issues included a lack of specific reporting of data for some
outcomes (with data not reported in two of three studies for
body weight, > and in one of four studies for IL-6%°), or units
of measurement (e.g. for CRP in one of three studies,”® for
IL-6 in one of four studies'?) or reported as log-adjusted data
(in one of four studies for IL-6%). LDL-cholesterol levels
(mean/median, with units of measurement) were reported in
four of five studies, of which three?>***” examined the effects
of nbUVB for >8 weeks (estimated for Romani et al.?);
however, with data depicted as change between baseline
and endpoint,? or as mean + SD,? or median (interquartile
ratio),”” more information is required before a meta-analysis
of the effect of nbUVB on LDL-cholesterol can be performed
(e.g. whether data are normally distributed). In these studies,
LDL-cholesterol levels were increased between baseline and
the endpoint by 1.4, 1.3% and 14.0*” mg/dL (after comparing
mean or median values for Romani et al.* and Coimbra et
al?). At this stage, further information is required before
meta-analyses can be conducted.

Psoralen Ultraviolet A Phototherapy

We identified four research articles describing the effects of
pUVA on adiposity, markers of metabolic dysfunction and
other outcomes (Table 3). Three studies were undertaken in
patients with psoriasis treated with pUVA for >12 weeks,?”3!
while the fourth was done in individuals with different skin
conditions, who were treated with pUVA for only two weeks.?
Participant numbers were small (n = 10-45), mean age was
~50 years, and most studies reported a mean BMI >25 kg/
m? Skin type was reported in only one study (these were
mostly individuals with Fitzpatrick skin types II-1IT).?* Most
findings were reported for data collected following the final
treatment compared to that collected at baseline. Only one
study examined the effects of pUVA on BMI and abdominal
obesity (waist-to-hip ratio), with no effect observed after
24 weeks of treatment.*® Total cholesterol levels were
measured in three studies, and these were not affected by
2-24 weeks of pUVA. There were no significant effects on
blood concentrations of HDL-cholesterol, LDL-cholesterol,
triglyceride or apolipoproteins-A/B,*273031 although after
12 weeks of pUVA, lipoprotein(a) levels in blood were
significantly reduced in one study.?’ Treatment with pUVA did
not affect fasting blood glucose or insulin levels, HOMA-IR
or QUICKI scores after 24 weeks,*® or HbA ¢ levels after two
weeks?® of therapy. In one study, increased adiponectin levels
were observed in blood after 12 weeks of pUVA.?” Reduced
PASI scores were observed in the two studies in which it was
measured in individuals with psoriasis undergoing pUVA.?"
Circulating levels of CRP were reduced by pUVA treatment in
one study?’ but not in two other studies.?¢*
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Other UVR Phototherapies

Five studies were identified in which treatments with UVA
and/or UVB were administered for varying lengths of time
(between 1 and 12 weeks) and doses (both erythemal and
suberythemal were tested) to mainly ‘healthy’ populations
of adults®*3 (except for those who were individuals with
psoriasis®®) (Table 4). In three studies, mean BMI was >25
kg/m?*3% with BMI not reported in the other papers.*>3
Skin type was reported in three (of the five) studies, two of
which reported findings from individuals who were mainly
Fitzpatrick skin types II-III. In Scragg et al., there was no
significant effect of either UVA or UVB, administered
repeatedly over 12 weeks, on body weight, BMI, or
cholesterol levels observed in vitamin D-deficient adults
comparing baseline with the endpoint 12 weeks later.*
Carbone et al. similarly reported no effects of broad-spectrum
UVR (UVA+UVB) on blood cholesterols of healthy adults.*
However, in their ‘control” group, increased LDL-cholesterol
levels were observed in individuals exposed to a ‘UVB with
UVA-attenuated’ phototherapy (comparing baseline with 12
weeks).>* Both phototherapies in that study reduced blood
levels of apolipoprotein A-I and lipoprotein(a).** No changes
in fasting glucose or insulin were observed after treatment of
healthy adults for two weeks with UVB* or vitamin D-deficient
adults with UVA or UVB for 12 weeks.** However, glucagon-
induced insulin secretion was increased two days after healthy
adults were exposed to UVB.* Reduced levels of resistin but
not leptin were observed in a study done in participants with
psoriasis, in which the results of nbUVB (n = 5) and pUVA
(n = 31) therapy were combined.’® Finally, in healthy young
adults, reduced oxygen utilisation and metabolic rate were
observed along with increases in blood nitrite, immediately
(early, short-term, <30 min) after exposure to UVA.*

Sun Exposure

Five intervention studies were identified in which participants
were given advice to increase their sun exposure (Table
5). The studies varied considerably in: the duration of the
intervention (from 7 days to 12 months); the recommended
daily time in the sun (from 20 min to 6 h); and the participant
health status (‘healthy’, overweight/obese, with psoriasis).’’!
Sun exposure advice was sometimes combined with advice to
increase dietary vitamin D intake®® or reduce caloric intake/
increase physical activity,”® making it difficult to determine
the specific effects of sun exposure. In one study, sun exposure
levels were found to be increased by advice to increase sun
exposure (by going for a walk outdoors for 20 min between
11 am and 3 pm) as measured via questionnaire.*! Mean BMI
was >25 kg/m? in all studies, except for one in which it was
not reported.*® Skin type was reported in only two studies,*”*
where individuals were mainly Fitzpatrick skin types II-I11. In
three studies, there were no effects on BMI of sun exposure
administered as part of ‘climate therapy”®’ (see Table 5 for
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further information on this intervention) with dietary vitamin
D advice®™ or lifestyle modification.* Beneficial effects of
advice to increase sun exposure on blood LDL-cholesterol and
triglyceride levels were reported in two studies,**! but levels
were not changed with the intervention in others.’”*® One
study reported reduced prevalence of individuals with high
triglyceride levels (>1.7 mmol/L) after 12 months with sun
exposure advice.®* Conversely, increased HDL-cholesterol
levels were observed in individuals given advice to increase
sun exposure in two studies.”’*® While no significant effects of
sun exposure on blood glucose were observed,*”*** reduced
HbA 1¢ levels were observed in one study,’” and blood glucose
levels may have been ‘normalised’ in individuals with pre-
diabetes in the sun exposure advice study arm of another
study.*

Discussion

Here, we have systematically reviewed the effects of UVR
administered as part of phototherapy or through sun exposure
advice on markers of metabolic dysfunction and adiposity
in intervention studies. Most identified studies had small
sample sizes (<100 participants), were short in duration (<12
weeks for 13/20 studies in which study length was reported),
involved older adults (>35 years-of-age), and compared
pre- and post-intervention levels of a limited number of
measures. Overall, few studies assessed markers of glucose
metabolism; beneficial effects of sun exposure advice
were seen in some,’’?° but not all,***° studies. Measures of
adiposity, including BMI and waist/hip circumference,
were not significantly modified by UVR phototherapy/sun
exposure advice. It may be that longer times (than used in
the identified studies) are needed for significant effects on
adiposity to be observed. Furthermore, more studies using
‘gold-standard’ means of determining adiposity (e.g. dual-
energy X-ray absorptiometry) are needed to determine if
there are effects on specific deposits of adipose tissue (e.g.
subcutaneous vs. visceral). Surprisingly, in five studies, small
and statistically non-significant increases in LDL-cholesterol
levels were observed after treatment with nbUVB,?22326-28
and significantly increased LDL-cholesterol levels were
observed in healthy adults exposed to a ‘UVB with UVA-
attenuated’ phototherapy intervention.?* Interestingly, reduced
LDL-cholesterol concentrations in blood were observed in
individuals given advice to spend more time in the sun over
a period of six months**! - an effect in the opposite direction
to that of nbUVB. In three of four studies, nbUVB reduced
blood markers of systemic inflammation, with reductions
in CRP?»?72 and IL-6'"*2 observed following treatment,
as also identified previously.!® These findings point towards
potential significant effects of UVR on markers of systemic
inflammation with less certainty of its effects on metabolic
function.
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Wavelength/Spectrum-Specific Effects?

The potentially different effects of nbUVB, compared to sun
exposure advice, on LDL-cholesterol levels could indicate
wavelength-specific or spectrum-related differences in the
metabolic effects of UVR from varying sources (i.e. sunlamps
versus sunlight). It should also be noted that there was variation
in the health status of participants that received nbUVB
(mainly individuals with psoriasis?**?7) compared to those
administered sun exposure advice (high BMI but otherwise
healthy individuals®***!). Furthermore, advice for increased
sun exposure was sometimes accompanied by other lifestyle
advice (e.g. dietary advice to reduce fat intake*) and could be
confounded by increases in physical activity resulting from
more time spent outdoors seeking sun exposure.***' However,
these findings are aligned with our pre-clinical studies, in
which sun lamps that emitted a spectrum of radiation similar
to sunlight reduced blood LDL-cholesterol in mice fed a
high fat diet, with this effect not observed in mice exposed
to lamps that mainly emitted UVB.’ They also highlight the
capacity for different mediators, which might be produced
in response to exposure to specific wavelengths of light, to
modulate metabolism through absorption by alternative
chromophores and activation of signalling pathways in the
skin and eyes.* Even within the visible spectrum of light,
distinct wavelengths may have different individual capacities
to modulate metabolic dysfunction, as demonstrated recently
in pre-clinical studies, in which green light (peaking at 520
nm) increased weight gain, signs of glucose intolerance, and
hepatic steatosis in mice fed a high fat diet (compared to red
or blue light).** Our findings also emphasise the importance of
measuring personalised levels of sun exposure in intervention
studies assessing the effects of UVR administered as part of a
phototherapy or advice to increase sun exposure.

Treatment Length and Longitudinal Analyses

Most studies compared the post- to the pre-intervention
levels of metabolic and inflammation measures. In one
study in adults with psoriasis, PASI scores (measured after
12 weeks) improved before the beneficial effects of nbUVB
on circulating adipokines were observed (after 24 weeks
of nbUVB).% Other studies report significant reductions in
circulating pro-inflammatory mediators (e.g. CRP) after ~12
weeks of nbUVB therapy.?*"?% These findings suggest that
dermal (and systemic) inflammation may drive metabolic
dysfunction, and more longitudinal studies that consider the
effects of UVR exposure over time are needed. In individuals
with psoriasis, longer exposure to nbUVB might be necessary
to have benefits on metabolic dysfunction. Alternatively,
other observations suggest that having MetS reduces the anti-
psoriatic and-inflammatory effects of nbUVB."” With new
reports that psoriasis severity correlates with blood HbA |
levels,* and the likely multi-directional and interacting
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effects of skin inflammation, chronic systemic inflammation
and metabolic dysfunction,® it will be important to identify
how to reduce metabolic dysfunction in individuals with
psoriasis. This might include approaches that combine current
therapies (including nbUVB, pUVA, biologics) with lifestyle
approaches that promote weight loss*' and improve metabolic
function.

Designing Control Groups

Many of the intervention studies reviewed here did not include
a control group. Indeed, careful consideration is needed to
determine whether it is logistically possible, and ethically
correct to randomise individuals into placebo control groups,
especially when recruiting participants who need treatment
(e.g. for psoriasis flare). In some circumstances, it may not be
ethically appropriate to include blinded placebo treatments,
because patients who need treatment should be allowed
access, and are unlikely to consent to their involvement in a
study where there is a risk that they will be placed in a placebo
control group. Without evidence for metabolic benefit, there
may also be concerns around increasing skin cancer risk for
individuals administered UVR who otherwise do not need
it. Blinding participants using a plastic covering to block
UVR* is possible, but difficult to achieve within logistical and
space constraints of dermatology clinics and could be noticed
by participants (thus removing blinding). Alternatively,
a ‘placebo’ visible light therapy could be used; however,
blue light (within the visible spectrum) may have beneficial
effects on related outcomes (specifically blood pressure and
endothelial function),* and other visible light wavelengths
may have unexpected effects (as described above for green
light®), and so may not be suitable for placebo controls.
Other studies have used sunscreens to block the effects of
UVR,* however, it may be difficult to ensure participant
compliance for consistent sunscreen application. In studies
examining the effects of sun exposure, different types of
advice can be ‘administered’, and for placebo controls, be
based on already accepted sun exposure norms, as done in
the Sun Exposure and Vitamin D Supplementation study.*
These should be combined with personalised measurement
of sun exposure (e.g. through dosimeters and sun diaries) for
accurate determination of adherence to sun exposure advice
within treatment and placebo groups.

Limitations of the Identified Studies

As summarised in Table 1, there are a number of limitations
in the studies identified in this review. Of importance is
the general lack of data reported on the effects of UVR on
adiposity and markers of glucose metabolism, which were
often inconsistently measured across studies, with data not
always shown. Other limitations include a lack of control/
placebo groups in many studies, which as discussed above
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UV Light and Metabolic Dysfunction

may be difficult to do, both ethically and logistically,
particularly for those administering phototherapy in clinical
settings. Many of the studies had only a small number (often
fewer than 30) of participants receiving the UVR intervention,
which likely meant that these were underpowered when the
effect size was small and/or when outcomes were highly
variable. There was also significant variability between
studies in the length of treatment (which was sometimes not
stated), the wavelength(s) of UVR or doses (or time in the
sun) administered, making meta-analyses impractical. Few
studies stratified data for BMI/diagnosis of MetS" and other
important variables, such as skin type and sex. Further, better-
powered studies with placebo/control groups are needed
that directly measure sun exposure and consider modulating
factors such as BMI/diagnosis of MetS, skin type and sex.

In conclusion, we summarised the effects that treatments
involving exposure to UVR (through phototherapies or sun
exposure advice) have on markers of metabolic dysfunction
and adiposity. We identified some possible effects of UVR
on circulating concentrations of LDL-cholesterol and blood
markers of systemic inflammation. Few studies reported
outcomes related to glucose metabolism, most were small
in participant size, and compared findings at baseline to
endpoint. Therefore, larger more comprehensive studies are
needed, including control groups, which assess a range of
markers of glucose metabolism and adiposity at multiple time-
points. More studies are needed that measure personalised
levels of sun exposure (and other lifestyle modifiers) and
consider the influence of other factors such as skin type, sex
and diagnosis of metabolic disease. Better understanding the
impact that exposure to UVR has on metabolic health may
lead to the development of more personalised and effective
preventative strategies and therapies of psoriasis and other
diseases characterised by metabolic dysfunction.

Acknowledgements: Funding: Shelley Gorman is funded
by an Al and Val Rosenstrauss Research Fellowship from the
Rebecca L Cooper Foundation. Robyn M Lucas is funded by
a National Health and Medical Research Council of Australia
Senior Research Fellowship. Barbora de Courten is supported
by a National Heart Foundation Future Leader Fellowship
(100864). Author contributions: Shelley Gorman conceived
and designed this study, performed the literature review, and
interpreted the findings with input from Barbora de Courten
and Robyn Lucas. All authors have contributed towards the
interpretation of findings from this study, have played a role
in drafting the article or revising it critically for its intellectual
content and have given their final approval for this version of
the paper to be published.

Competing Interests: None declared.

160 | Clin Biochem Rev 40 (3) 2019

References

1.

10.

I1.

12.

Grozdev I, Korman N, Tsankov N. Psoriasis as a
systemic disease. Clin Dermatol 2014;32:343-50.
Zhang Y, Li Q, Rao E, Sun Y, Grossmann ME, Morris
RJ, et al. Epidermal Fatty Acid binding protein promotes
skin inflammation induced by high-fat diet. Immunity
2015;42:953-64.

Chiricozzi A, Raimondo A, Lembo S, Fausti F, Dini V,
Costanzo A, et al. Crosstalk between skin inflammation
and adipose tissue-derived products: pathogenic
evidence linking psoriasis to increased adiposity. Expert
Rev Clin Immunol 2016;12:1299-308.

Eleftheriadou V, Thomas K, Ravenscroft J, Whitton
M, Batchelor J, Williams H. Feasibility, double-blind,
randomised, placebo-controlled, multi-centre trial of
hand-held NB-UVB phototherapy for the treatment of
vitiligo at home (HI-Light trial: Home Intervention of
Light therapy). Trials 2014;15:51.

Vozarova B, Weyer C, Lindsay RS, Pratley RE,
Bogardus C, Tataranni PA. High white blood cell count
is associated with a worsening of insulin sensitivity and
predicts the development of type 2 diabetes. Diabetes
2002;51:455-61.

Racz E, Prens EP. Phototherapy and photochemotherapy
for psoriasis. Dermatol Clin 2015;33:79-89.

Hart PH, Gorman S, Finlay-Jones JJ. Modulation of
the immune system by UV radiation: more than just the
effects of vitamin D? Nat Rev Immunol 2011;11:584-
96.

Assarsson M, Duvetorp A, Dienus O, Soderman J,
Seifert O. Significant Changes in the Skin Microbiome
in Patients with Chronic Plaque Psoriasis after Treatment
with Narrowband Ultraviolet B. Acta Derm Venereol
2018;98:428-36.

Fleury N, Feelisch M, Hart PH, Weller RB, Smoothy J,
Matthews VB, et al. Sub-erythemal ultraviolet radiation
reduces metabolic dysfunction in already overweight
mice. J Endocrinol 2017;233:81-92.

Geldenhuys S, Hart PH, Endersby R, Jacoby P, Feelisch
M, Weller RB, et al. Ultraviolet radiation suppresses
obesity and symptoms of metabolic syndrome
independently of vitamin D in mice fed a high-fat diet.
Diabetes 2014;63:3759-69.

Teng S, Chakravorty L, Fleury N, Gorman S. Regular
exposure to non-burning ultraviolet radiation reduces
signs of non-alcoholic fatty liver disease in mature adult
mice fed a high fat diet: results of a pilot study. BMC
Res Notes 2019;12:78.

Fleury N, Geldenhuys S, Gorman S. Sun Exposure and
Its Effects on Human Health: Mechanisms through
Which Sun Exposure Could Reduce the Risk of
Developing Obesity and Cardiometabolic Dysfunction.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Int J Environ Res Public Health 2016;13:¢999.

Gorman S, Lucas RM, Allen-Hall A, Fleury N, Feelisch
M. Ultraviolet radiation, vitamin D and the development
of obesity, metabolic syndrome and type-2 diabetes.
Photochem Photobiol Sci 2017;16:362-73.
Shore-Lorenti C, Brennan SL, Sanders KM, Neale RE,
Lucas RM, Ebeling PR. Shining the light on Sunshine:
a systematic review of the influence of sun exposure
on type 2 diabetes mellitus-related outcomes. Clin
Endocrinol (Oxf) 2014;81:799-811.

Gorman S, Scott NM, Tan DH, Weeden CE, Tuckey RC,
Bisley JL, et al. Acute erythemal ultraviolet radiation
causes systemic immunosuppression in the absence of
increased 25-hydroxyvitamin D3 levels in male mice.
PLoS One 2012;7:¢46006.

Marquina C, Mousa A, Scragg R, de Courten B. Vitamin
D and cardiometabolic disorders: a review of current
evidence, genetic determinants and pathomechanisms.
Obes Rev 2019;20:262-77.

Yu C, Fitzpatrick A, Cong D, Yao C, Yo J, Turnbull A,
et al. Nitric oxide induces human CLA'CD25Foxp3*
regulatory T cells with skin-homing potential. J Allergy
Clin Immunol 2017;140:1441-4.¢6.

Hugh J, Van Voorhees AS, Nijhawan RI, Bagel J,
Lebwohl M, Blauvelt A, et al. From the Medical
Board of the National Psoriasis Foundation: The risk
of cardiovascular disease in individuals with psoriasis
and the potential impact of current therapies. ] Am Acad
Dermatol 2014;70:168-77.

Rui W, Xiangyu D, Fang X, Long G, Yi Y, Wenjuan
W, et al. Metabolic syndrome affects narrow-band
UVB phototherapy response in patients with psoriasis.
Medicine (Baltimore) 2017;96:e8677.

Johnston A, Arnadottir S, Gudjonsson JE, Aphale A,
Sigmarsdottir AA, Gunnarsson SI, et al. Obesity in
psoriasis: leptin and resistin as mediators of cutaneous
inflammation. Br J Dermatol 2008;159:342-50.
Kimball AB, Alavian C, Alora-Palli M, Bagel J. Weight
loss in obese patients with psoriasis can be successfully
achieved during a course of phototherapy. J Eur Acad
Dermatol Venereol 2012;26:1582-4.

Ponda MP, Liang Y, Kim J, Hutt R, Dowd K, Gilleaudeau
P, et al. A randomized clinical trial in vitamin D-deficient
adults comparing replenishment with oral vitamin D3
with narrow-band UV type B light: effects on cholesterol
and the transcriptional profiles of skin and blood. Am J
Clin Nutr 2017;105:1230-8.

Romani J, Caixas A, Carrascosa JM, Ribera M, Rigla M,
Luelmo J. Effect of narrowband ultraviolet B therapy
on inflammatory markers and body fat composition
in moderate to severe psoriasis. Br J Dermatol
2012;166:1237-44.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gorman S et al.

Magina S, Moura E, Serrdo MP, Moura D, Vieira-Coelho
MA. Catechol-O-methyltransferase activity is higher in
psoriasis patients and is down-regulated by narrowband
ultraviolet B treatment. Eur J Dermatol 2013;23:49-52.
Takahashi H, Tsuji H, Ishida-Yamamoto A, lizuka
H. Serum level of adiponectin increases and those of
leptin and resistin decrease following the treatment of
psoriasis. J Dermatol 2013;40:475-6.

Weinhold A, Obeid R, Vogt T, Reichrath J. Prospective
Investigation of 25(OH)D3 Serum Concentration
Following UVB Narrow Band Phototherapy in Patients
with Psoriasis and Atopic Dermatitis. Anticancer Res
2016;36:1439-44.

Coimbra S, Oliveira H, Reis F, Belo L, Rocha S,
Quintanilha A, et al. Psoriasis therapy and cardiovascular
risk factors: a 12-week follow-up study. Am J Clin
Dermatol 2010;11:423-32.

Mehta NN, Shin DB, Joshi AA, Dey AK, Armstrong
AW, Duffin KC, et al. Effect of 2 Psoriasis Treatments
on Vascular Inflammation and Novel Inflammatory
Cardiovascular Biomarkers: A Randomized
Placebo-Controlled Trial. Circ Cardiovasc Imaging
2018;11:¢007394.

Romani J, Caixas A, Ceperuelo-Mallafré V, Carrascosa
JM, Ribera M, Rigla M, et al. Circulating levels of
lipocalin-2 and retinol-binding protein-4 are increased
in psoriatic patients and correlated with baseline PASI.
Arch Dermatol Res 2013;305:105-12.

Campanati A, Ganzetti G, Di Sario A, Damiani A,
Sandroni L, Rosa L, et al. The effect of etanercept on
hepatic fibrosis risk in patients with non-alcoholic fatty
liver disease, metabolic syndrome, and psoriasis. J
Gastroenterol 2013;48:839-46.

Lawrence CM, Marks J, Parker S, Shuster S. A
comparison of PUVA-etretinate and PUVA-placebo
for palmoplantar pustular psoriasis. Br J Dermatol
1984;110:221-6.

Colas C, Garabedian M, Fontbonne A, Guillozo H,
Slama G, Desplanque N, et al. Insulin secretion and
plasma 1,25-(OH)2D after UV-B irradiation in healthy
adults. Horm Metab Res 1989;21:154-5.

Carbone LD, Rosenberg EW, Tolley EA, Holick MF,
Hughes TA, Watsky MA, et al. 25-Hydroxyvitamin
D, cholesterol, and ultraviolet irradiation. Metabolism
2008;57:741-8.

Scragg R, Wishart J, Stewart A, Ofanoa M, Kerse N,
Dyall L, et al. No effect of ultraviolet radiation on
blood pressure and other cardiovascular risk factors. J
Hypertens 2011;29:1749-56.

Monaghan C, Mcllvenna LC, Liddle L, Burleigh M,
Weller RB, Fernandez BO, et al. The effects of two
different doses of ultraviolet-A light exposure on nitric

Clin Biochem Rev 40 (3) 2019 | 161



36.

37.

38.

39.

40.

41.

oxide metabolites and cardiorespiratory outcomes. Eur
J Appl Physiol 2018;118:1043-52.

Kawashima K, Torii K, Furuhashi T, Saito C, Nishio
E, Nishida E, et al. Phototherapy reduces serum
resistin levels in psoriasis patients. Photodermatol
Photoimmunol Photomed 2011;27:152-5.

Osmancevic A, Nilsen LT, Landin-Wilhelmsen K,
Seyland E, Abusdal Torjesen P, Hagve TA, et al.
Effect of climate therapy at Gran Canaria on vitamin
D production, blood glucose and lipids in patients with
psoriasis. J Eur Acad Dermatol Venereol 2009;23:1133-
40.

Al-Daghri NM, Alkharfy KM, Al-Saleh Y, Al-Attas
0OS, Alokail MS, Al-Othman A, et al. Modest reversal
of metabolic syndrome manifestations with vitamin
D status correction: a 12-month prospective study.
Metabolism 2012;61:661-6.

Al-Daghri NM, Alfawaz H, Aljohani NJ, Al-Saleh
Y, Wani K, Alnaami AM, et al. A 6-month “self-
monitoring” lifestyle modification with increased
sunlight exposure modestly improves vitamin D status,
lipid profile and glycemic status in overweight and
obese Saudi adults with varying glycemic levels. Lipids
Health Dis 2014;13:87.

Mianowska B, Narbutt J, Young AR, Fendler W,
Matachowska B, Mtynarski W, et al. UVR protection
influences fructosamine level after sun exposure of
healthy adults. Photodermatol Photoimmunol Photomed
2016;32:296-303.

Patwardhan VG, Mughal ZM, Padidela R, Chiplonkar
SA, Khadilkar VV, Khadilkar AV. Randomized Control
Trial Assessing Impact of Increased Sunlight Exposure
versus Vitamin D Supplementation on Lipid Profile in
Indian Vitamin D Deficient Men. Indian J Endocrinol
Metab 2017;21:393-8.

162 | Clin Biochem Rev 40 (3) 2019

42.

43.

44,

45.

46.

47.

Slominski AT, Zmijewski MA, Plonka PM, Szaflarski JP,
Paus R. How UV Light Touches the Brain and Endocrine
System Through Skin, and Why. Endocrinology
2018;159:1992-2007.

Zhang S, Zhang Y, Zhang W, Chen S, Liu C. Chronic
exposure to green light aggravates high-fat diet-
induced obesity and metabolic disorders in male mice.
Ecotoxicol Environ Saf 2019;178:94-104.

Ikumi K, Odanaka M, Shime H, Imai M, Osaga S,
Taguchi O, et al. Hyperglycemia is associated with
psoriatic inflammation in both humans and mice. J
Invest Dermatol 2019;139:1329-1338.¢7.

Stern M, Broja M, Sansone R, Grone M, Skene SS,
Liebmann J, et al. Blue light exposure decreases
systolic blood pressure, arterial stiffness, and improves
endothelial function in humans. Eur J Prev Cardiol
2018;25:1875-83.

Hartley M, Hoare S, Lithander FE, Neale RE, Hart
PH, Gorman S, et al. Comparing the effects of
sun exposure and vitamin D supplementation on
vitamin D insufficiency, and immune and cardio-
metabolic function: the Sun Exposure and Vitamin D
Supplementation (SEDS) Study. BMC Public Health
2015;15:el15.

Romani J, Caixas A, Escoté X, Carrascosa JM, Ribera
M, Rigla M, et al. Lipopolysaccharide-binding protein
is increased in patients with psoriasis with metabolic
syndrome, and correlates with C-reactive protein. Clin
Exp Dermatol 2013;38:81-4.



